Background The increasing prevalence of asthma and allergy might be related to diet, particularly in Western countries. A study was undertaken to assess the association between dietary factors, asthma and allergy in a large international study including objective measurements of atopy. Methods Between 1995 and 2005, cross-sectional studies were performed in 29 centres in 20 countries. Parental questionnaires were used to collect information on allergic diseases and exposure factors and data from 50 004 randomly selected schoolchildren (8e12 years, 29 579 with skin prick testing) were analysed. Random effect models for meta-analysis were applied to calculate combined ORs. Results Fruit intake was associated with a low prevalence of current wheeze in affluent (OR adj 0.86, 95% CI 0.73 to 1.02) and non-affluent countries (OR adj 0.71, 95% CI 0.57 to 0.88). Consumption of fish in affluent countries (OR adj 0.85, 95% CI 0.74 to 0.97) and of cooked green vegetables in non-affluent countries (OR adj 0.78, 95% CI 0.65 to 0.95) was associated with a lower prevalence of current wheeze.
INTRODUCTION
Changes in the prevalence of asthma and allergy may be related to dietary factors that are typical of a Western lifestyle. 1 2 In the International Study on Allergies and Asthma in Childhood (ISAAC) Phase One, ecological inverse relationships were observed between starch, cereal and vegetable consumption and asthma in children. 3 Special attention was given to dietary fat intake after a study of children in former Eastern Germany linked consumption of high margarine (positively) and butter (negatively) with hay fever. 4 An involvement of dietary fat intake in the pathophysiology of atopic diseases would be plausible because the composition of the ingested fatty acids is known to modulate immune reactions. 5 There is also some evidence that fish rich in n-3-poly unsaturated fatty acids (PUFA) has anti-inflammatory properties and may modulate the immune response towards a Th1 type. 1 Decreased consumption of fresh fruit and vegetables, which are rich in antioxidants, has been reported to have a role in the development of allergic diseases. 1 3 6 7 There is also some evidence that dietary antioxidants such as vitamins E and C and b-carotene are inversely associated with asthma in adults. 8 Recent research has also focused on components of the typical 'Western' diet such as burgers and fizzy drinks, which were found to contribute to allergic sensitisation. 1 2 Increasing fast food consumption has been suggested as a factor underlying the rising prevalence of asthma. 9 Dietary patterns such as the 'Mediterranean diet', which is characterised by high fruit and vegetable intake and low consumption of saturated fatty acids (SFA) from animal source and found to be associated with better survival in adults, 10 have been associated with a lower prevalence of asthma symptoms among children in Spain, 11 12 Crete 13 and Mexico. 14 The purpose of the present study was to investigate associations of different foods and of the 'Mediterranean diet' with asthma symptoms and diagnosis, atopic sensitisation and bronchial hyper-responsiveness (BHR) among children in a large international study. The inclusion of objective measurements overcomes some limitations of previous reports.
METHODS
The rationale and methods of the ISAAC Phase Two have already been described in full elsewhere. 15 In brief, random samples of at least 10 schools in a defined geographical area were chosen and children (n$1000 per centre) were invited to participate. Overall, about 63 000 schoolchildren (76.4% of those eligible) took part. Parental questionnaires, identical to those used in ISAAC Phase One, 16 were used to collect data on symptoms of asthma, rhinitis and eczema between 1995 and 2005. For the present analyses, 50 004 children aged 8e12 years from 29 centres in 20 countries with a complete set of parental responses on dietary variables were included.
Most centres invited all children for skin prick testing (SPT), while blood samples were collected mostly in subsamples of children stratified according to wheezing status during the past year (approximately 100 wheezers and 100 non-wheezers per centre). The stratified subsampling was applied by most centres for lung function measurements and BHR testing. Approval of the local ethics committees was obtained by all centres. 15 17 
Exposure assessment
Based on the hypotheses that low intake of antioxidants and PUFA and high intake of SFA and Western foods are associated with a high prevalence of asthma and allergy, the following food items were selected: meat, fish, fresh fruit, raw green vegetables, cooked green vegetables, burgers, fruit juice and fizzy drinks (for detailed questions and prevalence see online supplement).
The following potential confounders were considered: sex; age (years); current exposure to environmental tobacco smoke (ETS) ('Does anybody at present smoke inside your child's home?' Yes/ No); number of siblings (0, 1e2, $3); parental atopic disease ('Has the child's mother or father ever had any of the following diseases: asthma, hay fever or eczema?' Yes/No); and exercise ($4 times a week vs <4 times a week).
A score of the 'Mediterranean diet' pattern was derived according to the consumption frequency of food items. Points were assigned for 'low' consumption (less than once per week; score 0), 'regular' consumption (more than once a week; score 1) and 'frequent' consumption (at least once per day; score 2). Vegetables (raw green and cooked), fruit, fruit juice and fish were considered as 'pro-Mediterranean' foods and meat, burgers and fizzy drinks were considered as 'anti-Mediterranean' foods. Scores for the 'anti-Mediterranean' foods were reversed (ie, 2¼low consumption, 0¼frequent consumption). The points for each of the eight items were added up to a summary score.
We classified the study centres into two broad categories on the basis of gross national income (GNI) per capita using the World Bank Atlas method 18 in order to assess the difference in the strength of any association between diet and wheezing with 'affluent' and 'non-affluent' countries (GNI <$9200 per year per capita).
Outcome
The question 'Has your child had wheezing or whistling in the chest in the past 12 months?' was used as the indicator for childhood asthma. In addition, the lifetime prevalence of asthma was investigated using the question 'Has your child ever had asthma?'. SPTs were performed on 29 579 children using six common aeroallergens: Dermatophagoides pteronyssinus, D farinae, cat hair, Alternaria tenuis, mixed tree and grass pollen (ALK, Hørsholm, Denmark). In addition, data of locally relevant allergens tested in 15 centres were included. At least one positive reaction (weal size $3 mm after subtraction of the negative control) was defined as a positive SPT. Atopic wheeze was defined as wheeze during the past year and a positive SPT. 19 Spirometry and test of BHR were performed according to American Thoracic Society (ATS) criteria 20 and are described in detail elsewhere 15 17 (see online supplement).
Statistical analysis
Partial correlation coefficients were calculated in order to show the relationship between foods which are known to be correlated. For analysis involving stratified subsamples (mainly BHR and IgE analysis), weighted prevalences and risk estimates were calculated. 21 Random effect models for meta-analysis were applied to calculate crude (OR) and adjusted ORs (OR adj ) with 95% CIs combined for affluent and non-affluent countries 22 as well as for all centres combined. In multivariate models the potential confounders included were: sex, age, current exposure to ETS, number of siblings, exercise and maternal atopic disease to control for both increased risk of atopy and potential lifestyle modifications. In addition, models with maternal education as an indicator for socioeconomic position were investigated. Further stratification by maternal atopic disease, sex, atopic and non-atopic wheeze was performed. Tests for linear trend were calculated based on the estimates for each dietary category (scored 0, 1, 2) in a linear regression model and the significance was tested by the Wald test (p trend ). By calculation of Cochrane Q and I 2 , no substantial heterogeneity between centres was detected (data not shown). 23 Differences between strata were assessed by the z-test. Depending on prevalence and completeness of the variables, the numbers of subjects and sometimes the number of centres in the models differ. SAS release 9.1 (SAS Institute) was used to analyse the data.
RESULTS
Correlations between dietary factors are summarised in table 1 for affluent centres (lower triangle) and non-affluent countries (upper triangle). Most food items were only weakly correlated (r<0.3). Somewhat stronger positive correlations were apparent between the consumption of fruit, raw and cooked green vegetables in both affluent and non-affluent countries. Furthermore, the intake of fizzy drinks, meat, burgers and fruit juice was correlated in non-affluent countries. However, none of the partial correlations were greater than r¼0.5.
The 'Mediterranean score' correlated well (r>0.5) with consumption of fruit, raw and cooked green vegetables in affluent countries and raw and cooked green vegetables in non-affluent countries. Table 2 shows crude and adjusted ORs for wheeze during the past year by food items and affluence. In the multivariate models (model 2) the consumption of fresh fruit was significantly (p<0.05) associated with less wheeze during the past year in non-affluent countries (OR adj 0.71, 95% CI 0.57 to 0.88; Q¼5.2; I 2 ¼0.0%) and non-significantly in affluent countries (OR adj 0.86, 95% CI 0.73 to 1.02; Q¼5.8; I 2 ¼0.0%). The intake of fruit juice was significantly related to lower prevalence of wheeze in non-affluent countries only (OR adj 0.80, 95% CI 0.68 to 0.94, Q¼7.0; I 2 ¼0.0%). High consumption of cooked green vegetables was significantly associated with fewer wheezers in non-affluent countries only (OR adj 0.78, 95% CI 0.65 to 0.95; Q¼4.5; I 2 ¼0.0%). There was a similar trend for raw green vegetables (OR adj 0.86, 95% CI 0.72 to 1.02, Q¼7.9; I 2 ¼0.0%). In affluent countries, children with high fish intake experienced wheeze less often during the previous year than children in the comparison group (OR adj 0.85, 95% CI 0.74 to 0.97, Q¼7.4; I 2 ¼0.0%), whereas in non-affluent countries this association was in the same direction but not statistically significant (OR adj 0.91, 95% CI 0.75 to 1.10, Q¼10.3; I 2 ¼22.6%). Meat consumption was not associated with wheeze during the previous year in either group of centres. In non-affluent countries, however, an inverse relationship was found between burger consumption and wheeze (OR adj 0.76, 95% CI 0.61 to 0.95, Q¼3.5; I 2 ¼0.0%), contrasting with a positive but non-significant association in affluent countries (OR 1.11, 95% CI 0.96 to 1.26; Q¼4.0; I 2 ¼0.0%). These two ORs for burger consumption differ significantly (p<0.005 for interaction). A similar but less significant pattern emerged for fizzy drinks.
Further adjustment for maternal education as an indicator of socioeconomic position did not substantially change the direction or the strength of the associations.
Concerning different intake frequencies, no major differences due to affluence and adjustment for maternal education emerged, so further models were calculated combining all centres without adjustment for maternal education. Table 3 shows the ORs for current wheeze in the previous year, asthma ever, skin prick positivity and BHR. Compared with none or occasional consumption, the consumption of burgers $3 times per week was associated with a higher lifetime asthma prevalence (OR adj 1.42, 95% CI 1.08 to 1.87, Q¼18.8; I 2 ¼20.0%). A high frequency of fish intake (p trend ¼0.04) as well as raw vegetables ($3 times vs never/ occasionally: OR adj 0.86, 95% CI 0.74 to 0.98, Q¼19.9; I 2 ¼14.4%) and cooked green vegetables (OR adj 0.86, 95% CI 0.74 to 0.997, Q¼16.9; I 2 ¼5.2%) was related to lower asthma prevalence. Frequencies of meat, fruit juice and fizzy drink consumption were not related to asthma ever. SPT positivity (table 3) and elevated specific IgE concentrations (data not shown) were not related to the selected dietary factors. BHR (table 3) as an indicator of asthma was not associated with any of the selected foods.
Analyses performed after stratification by SPT positivity are shown in table 4. In affluent countries, none of the food items was associated with wheeze among children with a positive SPT. In contrast, in non-affluent countries regular consumption of fish, raw vegetables, fruit juice and burgers were statistically significantly associated with fewer wheezers among children with a positive SPT, but not among children with a negative SPT. Among children with a negative SPT, regular fruit intake was associated with fewer wheezers in affluent and non-affluent countries. In affluent countries, regular meat intake was also inversely related to wheeze during the past year among atopic and non-atopic children.
A higher score indicating adherence to a 'Mediterranean' dietary pattern was associated with a lower prevalence of wheezing (OR 0.97 
DISCUSSION
This large multicentre international study including both affluent and non-affluent countries provides further evidence for protective associations of regular fish, fruit and vegetable consumption with symptoms of asthma. In contrast to non-affluent countries, frequent burger consumption was related to a higher prevalence of wheeze and asthma in non-atopic children in affluent centres. No significant associations were found for meat and fizzy drink intake. In addition, none of the objective markers studied (SPT positivity, elevated specific IgE levels and saline-induced BHR) were related to any of the selected food items. In non-affluent countries, however, a protective effect of consumption of burgers, fish, raw vegetables and fruit juice against wheeze was stronger among children with a positive SPT.
Strengths and limitations
Several possible limitations of the study need to be considered. Data on habitual diet were collected retrospectively by parental questioning which may have introduced recall bias. However, in these young children, parents provide reliable information on current diet. 24 In addition, only a few selected items of common foods were considered based on the hypotheses that plant food is inversely associated with asthma and a 'Western' diet is positively associated with asthma. Furthermore, based on the ISAAC questionnaire, we could not adjust for total energy intake and body mass index. However, most other studies in children did not adjust for total energy intake. Multiple comparisons were performed which needs to be considered for interpretation of the results. Among the strengths are the use of the standardised ISAAC questionnaires and methodology in all centres and the inclusion of non-affluent countries. Furthermore, we were able to adjust for parental atopy, which may have introduced some bias related to food selection in allergic subjects. However, due to the cross-sectional study design, reverse causation cannot be completely excluded.
Fruit and vegetables
Our findings of inverse associations between asthma and frequency of fruit and vegetable consumption are in line with previous studies in children. 3 25 Fruit and vegetables contain antioxidants and other biologically active factors which may contribute to the favourable effect of fruit consumption in asthma. 6 In particular, foods rich in vitamin C have been reported to relate to better lung function and fewer asthma symptoms. 6 26 In clinical studies, dietary vitamin E intake has been shown to be inversely associated with plasma IgE levels, an effect which is likely to be mediated by different mechanism(s). 2 Furthermore, it has been reported that carotenoids and vitamins C and E positively influence pulmonary function. 27 Consistent with our findings in the ISAAC Phase One ecological study, centres with a high average intake of vegetables found a lower prevalence of wheeze among children aged 13e14 years. 3 Further evidence of inverse associations for fruit yAdjusted for age, sex, environmental tobacco smoke, parental atopy, exercise, number of siblings (0, 1e2, $3 siblings) and maternal education.
zRandom effect models for meta-analysis. xDietary variables in the 'never' and 'less than once per week' categories were classified as NO and dietary variables in the '1e2 times per week', '3e6 times per week' and 'once per day or more often' were classified as YES.
and vegetable consumption comes from other studies either focused on intake frequency 6 7 25 28 or on biomarkers of exposure. 29 In contrast, a lack of association between vegetable intake and asthma has been reported among Dutch children. 30 One possible explanation for an inverse association between the consumption of cooked green vegetables and wheeze in nonaffluent countries could be the differential selection of vegetables and the preparation method as well as possible differences in the wheeze phenotype.
We found no inverse associations between fruit and vegetable consumption and BHR or lung function, but protective associations have been reported. 26 31 32 A high intake of apples and pears was associated with less BHR in a cross-sectional study among young adults in Australia. 31 Low intakes of fruit juices have been associated with significantly reduced lung function in subjects aged 11e19 years. 26 In a study in men from Italy, Finland and The Netherlands, high fruit and vegetable consumption was positively associated with pulmonary function.
32 Table 3 Association between the consumption of selected foods and wheeze in the past year, asthma ever, skin prick test for atopy and specific IgE 
Fish consumption
Fish is rich in n-3 PUFAs which have been shown to counterbalance pro-allergic T helper (Th)2 activity. 33 Our results of a protective association of fish consumption with asthma are in line with the Dutch ISAAC Phase Two subsample using a more detailed semiquantitative food frequency questionnaire and objective indicators such as SPT and BHR, 30 a study among children aged 6.5 years in Spain 7 and another one carried out in 10e14-year-old schoolchildren in Sweden. 34 Our observations of no association between fish intake, BHR and SPT are consistent with the results of a prospective study on n-3 and n-6 fatty acids, asthma and atopy among children aged 5 years 35 and a study using fatty acids in serum cholesterol esters as biomarkers of exposure. 36 
Meat and burger consumption
In line with previous research, we found the consumption of burgers to be related to a higher asthma prevalence. 9 12 Fast food is rich in industrially hydrogenated vegetable fats such as margarine and meat from ruminant animals which are dietary sources of trans-fatty acids. There is some evidence that dietary intake of trans-fatty acids is associated with asthma and atopy. 37 However, meat consumption in general was not associated with any of the outcomes in our study, in line with other reports. 9 12 The frequency of burger consumption could be considered as a proxy for unknown lifestyle factors which may vary depending on the societal context, environmental and other lifestyle factors. It is therefore of interest that the association with burgers differed significantly between affluent and nonaffluent countries in our analysis, in particular by SPT status in non-affluent countries.
'Mediterranean diet' score
In line with other reports, we observed an inverse relationship between adherence to a 'Mediterranean' dietary pattern and both current wheeze 11 13 and asthma ever. 12 14 The 'Mediterranean diet' is characterised by high intake of antioxidants and n-3-PUFA and low intake of SFA and trans-fatty acids, which have been shown to be contribute to a lower asthma prevalence. 1 
CONCLUSION
In summary, our observations support previous reports that the adherence to a 'Mediterranean diet' may provide protection against wheeze and asthma in childhood. As consumption of fish, fruit and vegetables is widely recommended for prevention of cardiovascular disease and cancer, our findings suggest that yRandom effect models for meta-analysis. zDietary variables in the 'never' and 'less than once per week' categories were classified as NO and dietary variables in the '1e2 times per week', '3e6 times per week' and 'once per day or more often' were classified as YES.
